Abstract: Computed tomography (CT) is considered an upcoming technology for the quantitative estimation of myocardial perfusion (MPF). Based on previous results that affirm the feasibility of estimating global MPF using a CT scanner in an animal model, this work evaluates the computation of MPF in patients by comparing two different mathematical approaches based on the indicator dilution method. The first, the so called upslope method, was already used in the previous study, the second uses a deconvolution model which possibly is more suitable in the evaluation of regional MPF measurements. A good correlation between both methods could be found and the quantitative results of both methods correspond well to myocardial perfusion values as described in the literature.
Introduction
Quantitative estimation of myocardial perfusion (MPF) is important in the evaluation of perfusion defects, e.g., due to coronary stenosis lesions as well as for the understanding of the impact of atherosclerosis or changes in the main cardiac determinates, such as heart rate, blood pressure, cardiac output, coronary vascular-and myocardial wall resistance. Recent studies [1, 2] confirmed the feasibility of quantitative estimation of MPF using a 256 row CT slice scanner in an animal model. Therein, significant correlations between changes in heart rate, cardiac output and systolic blood pressure, and the overall MPF could be demonstrated. Based on these results, MPF measurements in seven patients using the same CT scanner. Two different perfusion models for quantitative estimation were applied. Method A is based on the so called "upslope" model for the estimation of organ perfusion as described in [3] which was already used in our recent animal study. Method B uses a systems theory approach (deconvolution of the organ output function, see [4] ) which seems promising for the estimation of local perfusion (defects). The goal of this study was now to investigate CT based MPF measurements in patients and to assess the plausibility of the quantitative results in both approaches.
Methods
Seven anonymized patients were examined using a 256 row volume CT scanner (iCT 256, Philips R ) at an energy level of 100 kVp/100 mAs with a rotation time of 270 ms and a reconstructed slice-thickness of 5 mm. CT scans were ECG triggered at 40% of the R-R-interval every first or second heart beat. 50 ml contrast agent (Iodixanol, Visipaque R 300mg) was injected intravenously with a constant flow of 4 ml/s (CT-injector "ohio tandem", ulrich medical R ). Three to four slices of the imaged left ventricle (LV) were used for the computation of global MPF in absolute values (ml/100g/min). Based on the indicator dilution theory, contrast enhancement-time (CET) curves were extracted from regions of interest (ROI) in the LV-cavity as well as from the LV-myocardial wall which was segmented semiautomatically by a new in-house approach (Fig. 3) [5, 6] .
Method A The CET curve for the LV myocardium, Y (t), was approximated by fitting a fourth-order low pass filter curve (see Fig. 3 ). The MPF was estimated following Eq. 1 by dividing the maximal slope of this curve by the maximal value of the CET curve in the LV cavity (see Fig. 1 ).
Method B The transfer function (TF) between the input curve U (t) (CET-curve of the LV cavity) and the output Y(t) Figure 1 : Estimation of myocardial perfusion according to [3] . The image was taken from [1] . function Y (t) (CET-curve of the LV myocardium) was estimated. In addition, the integral of U (t) was computed and a short impulse (≈ 100 ms) with the same area under the curve was applied to the estimated TF. This operation results in the so called input corrected output function (c.f. [4] ) showing a maximum of C max (see Fig. 2 ). After this operation, MPF is computed according to
with C A (t) defining the CET curve of the LV cavity. Evaluation Mean and standard deviations of global MPF values for both methods were computed. In order to compare both approaches a linear regression analysis was performed.
Results
Method A yielded values of (x ± SD in ml/100g/min) 76.09 ± 15.99 and Method B 85.52 ± 18.7 which correspond well to the physiological values of MPF of 80 to 90 ml/100g/min [7] . Fig. 4 depicts a scatter plot comparing Method A (x-axis) and Method B (y-axis). A significant correlation of ρ = 0.96, with p < 0.001 between both methods was found.
Conclusion
In this study we have demonstrated the feasibility to measure absolute myocardial perfusion in humans using dynamic CT scans. Two models which base on the principles of the indicator dilution theory were introduced and com- B has high potential to be applied to regional perfusion estimates. In summary, CT-based MPF imaging is a promising technique to study alterations in myocardial perfusion and their regulatory mechanisms in patients with coronary artery disease or related disorders.
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